INTRODUCTION
Among the earliest research that has been conducted using light-emitting diodes (LEDs) as a primary source of light irradiation for plant growth was by Barta et al., [1] . There are a number of advantages of using LED light as source of light including long life, low heat emission, small volume, adjustable light intensity, wavelength specificity and high energy-conversion efficiency [2] [3] [4] . McNellis and Deng [5] showed in their study that plant development and physiology are strongly influenced by blue or red light. Nowadays, the combination of red and blue light is used in research and commercial horticulture because they are the most photosynthetic effective wavebands at leaf level in short terms [6] and long terms [7] . Some examples of studies by other researchers on the combination of red and blue LEDs that enhanced photosynthesis and stomata conductance are such as [8] [9] [10] .
Plant factory has been introduced in the area of agriculture engineering in order to optimize the plant growth, increase yield and flowering control [11] . The important elements in the production of high-quality in plant are controlling the e nvironmental factors such as light, water, CO2, temperature, and nutrients [12] [13] .
The objective of this study was to investigate the effect of different LED light treatments on nutrient concentration and leaf gas exchange in Brassica chinensis utilizing Internet of Things (IoT) technology as remote monitoring system.
II. MATERIAL AND METHODS.

A. Plant growth conditions
First, the seeds of Brassica chinensis were germinated in a dark condition for three days inside sponge cubes (3cm x 3cm) filled with water. After 3 days of the germination day, the 3-leaf stage was individually raised and the plant were placed under a rack and treated under combination of red and blue (RB) light emitting diode at a ratio of 16:4 in 12-hour light in a day. After 7 days, the plants were transplanted and were mounted into a Styrofoam plate with 9 holes, and placed in a container (55.5cm x 42cm x 13cm) filled with complete nutrient solution as shown in Table 1 . The parameters for the nutrient solution was adjusted to pH 6 and an electrical conductivity of 2.5 mS cm , photon flux density (PFD). The plants were observed physically and were harvested after 30 days.
B. Lights Treatments
The plants were irradiated under different light treatment, namely T1 (continues light; 24 h lights), T2 (pulse lights: 1 h lights 15 minutes darks), T3( various light intensities) and T4 (continues lights + Far red).
C. Nutrient concentration
The dry tissue sample of Brassica chinensis were grind using grinder machine. Weighing the sample at 0.25g and put into digestion tube. Add 5ml concentrated H2SO4 into sample and leave overnight. Before heat the sample in the digestion block at 28 o C in 45 minutes, the sample were added 2 ml H2O2. After that let the tube to be cool and the sample tube were added another 2ml H2O2. The heat process were repeated until solution clear and the solution of sample were diluted with distilled water until reached at100 ml. Finally, N and P content were determined using ASX-500 series XYZ Auto Sampler, Lachat Instruments while K, Ca and Mg content were determined using 3110 Atomic Absorption Spectrometer, Perkin Elmer.
D. Leaf Gas Exchange
A portable photosynthesis system Li-6400XT (LICOR, USA) was used to measure net photosynthesis (μmol CO2 m ) of eight teen individual leaves per treatment. Instantaneous water-use efficiency (WUE) was calculated as ratio between photosynthetic rate and transpiration rate (μmol CO2/μmol H2O) and is used to assess the trade-off between CO2 uptake and water loss, .
E. Statistical Analysis
Statistical Product and Service Solutions for Windows or SPSS version 24.0 was used to conduct statistical analysis. All measurements were evaluated for significance by an analysis of variance (ANOVA) followed by the least significant difference (LSD) test at the p < 0.05 level
III. SYSTEM DESCRIPTION
The system components for this study includes the temperature and humidity sensor, CO2 sensor, light radiation sensor, wired sensor monitoring device and data logger PC software. These multiple components are interconnected and data are stored inside the PC software for post analysis purposes. The information on sensors' and actuators' status were stored in cloud via Wi-Fi and GPRS for sharing purposes and could be monitored by other devices remotely. A simple application, for both types of systems i.e. iOS and Android, was developed to support remote monitoring via portable devices. A control panel was developed using a microcontroller to provide a feedback system and activate the relay or actuator based on the upper limit and lower limit of the sensor information. The system was able to be configured remotely and also able provide an alert system via SMS if any failure occurred at the experimental area.
The architecture system was carefully selected and some platforms were developed using various capable radio communications such as Zigbee, Dash-7 and WiFi radio, which were set up to be a wireless network sensor service that transported data from motes sensors using frequency 433 to 2400 MHz. This frequency range is suitable for closed farming and able to solve overcoming building to building penetration. The data were then posted via Internet of Things that could be easily invited by smartphones and also used to trigger the actuator and relay for feedback systems. The plant chamber was equipped with digital sensors that included CO2, Light Intensity, Humidity and Temperature.
The sensors were ensured of good accuracy and all the readings were guaranteed to be accurate down to ±3% error by the sensor manufacturer. CO2 sensor was made with a specified accuracy of ±30ppm or ±3% of the measured value. Likewise for Temperature and Humidity sensors, both have accuracies of ±0.5 Degree Celcius and ±2%RH.The
IoT device picked up the sensors data and the data were sent over to the WiFi network. The data were organized and structured into Java Script Notation or JSON protocol standard before sending to the Internet based database server, which is the Cloud Database. Adoption of JSON was a critical decision since many protocol standards are available in the market. The advantages of adopting JSON were due to its lightweight data interchange format and easy for human to read and write on the HTPP protocol. Besides, it works similarly like XML but faster, easier to purse and has the ability to do self-describing JSON using JavaScript syntax for describing data objects. JSON parsers and JSON libraries exist for many different programming languages and the JSON text format is syntactically identical to the code for creating JavaScript objects. In addition, instead of using a parser, a JavaScript program can use the built-in function and execute JSON data to produce native JavaScript objects.
The User Application side, on the other hand, was developed to pick up the Cloud data and display it using an Android based application. The block diagram of the system is shown in Figure 1 . The IoT node (Figure 2 ) was custom designed and tailored to this experiment. Industrial grade rechargeable batteries powered it. During normal use, the battery would be in a charging mode and the whole circuitry was powered by the DC input. Whenever the DC input was not present, the battery will take over and supply to the whole system. Expected battery life was up to five days. Data retrieval is using a polling method done by the PC software and the received data are stored inside the PC hard disk in *.csv file format. Sensor data are sampled every 10 seconds which are present via software configuration file. Among the four parameters, only the light radiation data are processed by the software. The remaining three parameters are recorded right away into the log file. The sensor data process includes converting the ADC value (Analog-Digital data) into raw voltage, applying the conversion formula and finally store the engineering value in µmol SI nit. The formula to achieve this is shown Figure 3 . The main system communication bus is RS-485. RS-485 bus was chosen due to its proven to work with long cables in low data rate application. The LI-COR multiplier is a calibration constant printed on the tag that accompanies each LI-COR sensor. The UCLC current loop gain is the Licor Amplifier gain setting. The net loop current is the ADV raw voltage converted into current and The Light Level is in µmol.
The plant factory application used sensors for feedback and to convey information via RF transmission and can also be connected to Gateway/USB collector and to transmit the data to the Internet and later to be displayed on a web based application. Figure 4 shows the flow chart of the data transmission from sensors to user. When the temperature sensors detected a high temperature, the data would be transported to the gateway and kept in a temporary storage until the data reached a certain amount (user configurable). After transmission to the server was completed, cyclic redundancy checksum (CRC) will be performed to validate the data and later the server will do a computation process to alert the user when the upper and lower limit sets were reached by the user. 
IV. RESULTS AND DISCUSSION
A. System Application
The data acquisition system which has been developed to run data logging and remote monitoring for the Android platform development used B4a and visual basic language. The data were transported to the MySQL database using the 
B. Nutrient concentration
Mean value of nutrient concentration were classified under two part of plants which is concentration on leaves and roots. The value of nutrient were examine was N, P, K, Ca and Mg.
The mean value of nutrient concentration on leaves were shown in Figure 7 . There are not significant different on N, P, K, Ca and Mg among all treatments followed by the least significant difference (LSD) approach and test at the p < 0.05 level. Mean value of N, P, K and Ca were high under T4. While mean value of Mg were high under plant were treated with T1 and T3 which is same value at 0.86.
The mean value of nutrient concentration on roots were shown in Figure 8 . There are not significant different on N, P, K, Ca and Mg among all treatments followed by the least significant difference (LSD) approach and test at the p < 0.05 level. Mean value of N, P and Ca were high under T2 compared to others. While, mean value of K were high under T4 and Mg value were high under T1. 
C. Leaf gas exchange
Mean leaf photosynthesis periodic rate of B.Chinensis that been induced under different lights treatments are shown in Figure 9 . Besides, plants were grown below T1 (CL) high at mean value of 1.45 µmol CO2 m compared to others treatments in week 4. Leaf of the plant exposed for all treatments indicates that there were not significant (p < 0.05) differences among the treatments.
Mean leaf transpirations periodic rate of B.Chinensis that been induced under different lights treatments are shown in Figure 3 . Besides, plants were grown below T4 (CL + far red) high compared to others treatments in week 2 and week 4. Leaf of the plant exposed for all treatments indicates that there were significant (p < 0.05) differences among the treatments.
Mean leaf stomata conductance periodic rate of B.Chinensis that been induced under different lights treatments are shown in Figure 3 . Besides, plants were grown below T4 (CL + far red) high in stomata conductance compared to others treatments in week 2 and week 4. Leaf of the plant exposed for all treatments indicates that there were not significant (p < 0.05) differences among the treatments.
Mean leaf WUE periodic rate of B.Chinensis that been induced under different lights treatments are shown in Figure   3 . Besides, plants were grown below T1 (CL) high in WUE compared to others treatments in week 2 and week 4. Leaf of the plant exposed for all treatments indicates that there were not significant (p < 0.05) differences among the treatments. 
V. DISCUSSION AND CONCLUSION
In this study, there are different light treatment was affected nutrient concentration and leaf gas exchange which are T1 (continues light; 24 h lights), T2 (pulse lights: 1 h lights 15 minutes darks), T3( various light intensities) and T4 (continues lights + Far red). Brassica chinensis showed distinct growth responses to irradiation with each LED treatment. Mean value of nutrient concentration were classified under two part of plants which is concentration on leaves and roots. Although the results showed that there were not significant different, but plant treated under T4 resulted in high value of N, P, K and Ca in leaves. This is approved that by giving continues lights + Far red can help the absorption of major nutrients directly into leaves. While, in root of Brassica chinensis, result were shown that mean value of N, P and Ca were high under T2 compared to others. This result shown that roots absorbed more of the major nutrients under pulse treatment. Therefore, what was provable was the both parts of the plant which is leaves and roots absorb nutrients and high amount in different lights treatments according to the needs and interests of each.
According the result of leaf gas exchange plant were treated under T4 were superior in value of photosynthesis, transpiration and stomata conductance. This result approve that CL+ far red help the activity of leaf gas exchange. While, WUE were high under CL (T1). This is shown that plant were efficient in water uptake under CL. Based on the overall result, Continues Light (CL) gave a high impact towards Brassica chinensis growth. Therefore, combination CL and Far red also enhanced the plant nutrient concentration and the activity of leaf gas exchange.
